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APOLLO 9 SLA PANEL JETTISON 

SEPARATION AND RECONTACT ANALYSIS 

Y 

By M. L. Williamson and C .  W .  Fraley 

1.0 SUMMARY 

An a n a l y s i s  w a s  conducted t o  determine i f  t h e  j e t t i s o n  of t h e  fou r  
spacecraft/LM adap te r  (SLA) panels would c r e a t e  any p o t e n t i a l  r econ tac t  
problems with t h e  spacec ra f t  ( S C )  on t h e  nominal Apollo 9 mission, o r  
for launch phase abor t s  or o r b i t a l  a b o r t s .  The r e s u l t s  of t h e  a n a l y s i s  
i n d i c a t e  t h a t  j e t t i s o n  of t h e  four  SLA panels  with a j e t t i s o n  v e l o c i t y  
( A V )  equal t o  11 4 3 f p s  and a t  an a t t i t u d e  of 110 k 20' with r e spec t  
t o  t h e  S-IVB +X-axis a s su res  adequate sepa ra t ion  clearances during t h e  
nominal, launch a b o r t ,  and o r b i t a l  abo r t  phases of t h e  mission with t h e  
exception of t h e  r e t rog rade  SPS mode I11 abor t  r eg ion .  
a r e  based on a stable and cont.rolled launch v e h i c l e  a t  t h e  t i m e  of com- 
mand and s e r v i c e  modules (CSM) separat ion and pane l  j e t t i s o n .  

These r e su l t s  

I n  t h e  mode I11 reg ion ,  t h e  in-plane r e t r o g r a d e  s e r v i c e  propulsion 
system (SPS) deo rb i t  maneuver, which i s  performed 2 minutes 5 seconds 
a f te r  abor t  i n i t i a t i o n ,  r e s u l t s  i n  t h e  spacec ra f t  f l y i n g  near o r  between 
the  f o u r  j e t t i s o n e d  SLA panels approximately 2 t o  3 minutes after abor t  
i n i t i a t i o n .  Relative motion ind ica t e s  t h a t  a p o t e n t i a l  r econ tac t  s i t u a -  
t i o n  develops between t h e  spacecraf t  and pane l  2 ( t h e  pitched-down 
p a n e l )  immediately a f t e r  t h e  i n i t i a t i o n  of t h e  abor t  burn. The minimum 
displacement of pane l  2 v a r i e s  from zero t o  800 f t  below t h e  spacec ra f t  
and occurs  f o r  an abor t  which i s  i n i t i a t e d  during approximately t h e  
f irst  30 seconds of t h e  SPS retrograde mode I11 region.  
pane l s  e x h i b i t  adequate sepa ra t ion  clearance f o r  a l l  mode 111 abort  
r eg ions .  
on t h e  p re sen t ly  def ined mode 111 sequencing and on t h e  assumptions and 
i n p u t s  as def ined i n  t h i s  i n t e r n a l  note.  

The o the r  t h r e e  

The p o t e n t i a l  r econ tac t  problem with t h e  spacecraf t  i s  based 
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2.0 INTRODUCTION 

The j e t t i s o n  of t h e  four  SLA panels  w i l l  occur a t  CSM/S-IVB separa- 
t i o n  immediately a f t e r  panel  deployment, 
a p a r t  of t h e  CSM/S-IVB sepa ra t ion  sequence and, t h e r e f o r e ,  w i l l  occur 
f o r  t h e  nominal mission and f o r  a l l  launch phase a b o r t s  and o r b i t a l  
a b o r t s  on Apollo 9 with t h e  except ion of mode I .  Aborts i n i t i a t e d  i n  
t h e  mode I region a r e  launch escape tower j e t t i s o n s  of t h e  command 
module ( C M )  from t h e  s e r v i c e  module (SM); t h e r e f o r e ,  no panel  deployment 
or j e t t i s o n  occurs. 

The j e t t i s o n  of t h e  pane ls  i s  

The ana lys i s  performed i n  t h i s  s tudy i s  based on SLA panel  j e t t i s o n  
a t t i t u d e s  and r e s u l t a n t  j e t t i s o n  v e l o c i t i e s  which encompass t h e  higher  
pane l  deployment r a t e s  (60 deg/sec t o  74 deg/sec)  observed i n  p o s t f l i g h t  
a n a l y s i s  of Apollo 7 ( r e f .  1). 
could r e s u l t  i n  t h e  j e t t i s o n  of t h e  panels  a t  a maximum a t t i t u d e  of 
130' (measured with r e spec t  t o  t h e  S-IVB +X-axis) a t  a maximum r e s u l t a n t  
v e l o c i t y  of 14 f p s .  
remain a t  t h e i r  previous l e v e l s  of 90' and 8 f p s ,  r e s p e c t i v e l y  ( r e f .  2 ) .  

The higher  opening ra te  (74 deg/sec)  

Minimum va lues  of j e t t i s o n  a t t i t u d e  and v e l o c i t y  

This  ana lys i s  considers  j e t t i s o n  a t t i t u d e s  of 110 f 20' and r e s u l t a n t  
j e t t i s o n  v e l o c i t i e s  of 11 f 3 f p s .  
622 l b  ( r e f .  31, have a p ro jec t ed  r e fe rence  a r e a  of 239 f t 2  ( r e f .  21, 
and have a tumbling drag c o e f f i c i e n t  of 1 .7  ( r e f .  4 ) .  

The SLA panels  weigh an average of 

Y 
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3.0 COORDINATE SYSTEMS 

3 .1  S-IVB A t t i t u d e s  and Panel J e t t i s o n  A t t i t u d e s  

. 

Y' 

The primary f a c t o r  t h a t  a f f e c t s  t h e  r e l a t i v e  motion of t h e  SLA 
panels  i s  t h e  d i r e c t i o n  i n  which they a r e  j e t t i s o n e d  with r e s p e c t  t o  
t h e  i n e r t i a l  v e l o c i t y  vector  of t h e  S-IVB a t  t h e  t ime of j e t t i s o n .  This  
d i r e c t i o n  i s  determined by t h e  j e t t i s o n  a t t i t u d e  ( e )  of t h e  panels  and 
by t h e  a t t i t u d e  of t h e  S-IVB (OV) with r e spec t  t o  t h e  i n e r t i a l  v e l o c i t y  

( V i ) .  J e t t i s o n  a t t i t u d e s  are measured i n  t h e  S-IVB p i t c h  plane f o r  t h e  

upper and lower panels  [ f i g .  l ( a )  1 and i n  t h e  S-IVB yaw plane f o r  t h e  
two l a t e ra l  panels  [ f i g .  l ( b ) ] .  

3 .2  Panel I d e n t i f i c a t i o n  

For i d e n t i f i c a t i o n  and s i m p l i f i c a t i o n ,  t h e  fou r  SLA panels  a r e  
r e f e r r e d  t o  as panels  1, 2 ,  3 ,  o r  4 throughout t h i s  r e p o r t .  
up (+Z) and pitched-down ( - Z )  panels a r e  numbered 1 and 2 ,  r e s p e c t i v e l y  
[ f i g .  1( a ) ] .  
numbered 3 and 4, r e s p e c t i v e l y  [ f i g .  l(b)]. 
panels  i s  presented i n  f i g u r e  l ( c ) .  

The pitched- 

The yawed-right (+Y) and yawed-left ( - Y )  panels  are  
A f r o n t  view of a l l  four  

3.3 Relat ive Motion Coordinates 

The r e l a t i v e  motion f i g u r e s  presented i n  t h i s  r e p o r t  were generated 
i n  t h e  i n e r t i a l  azimuth coordinate system. The o r i g i n  of t h i s  system i s  
loca ted  a t  t h e  o r i g i n  of t h e  body coordlnate  system of t h e  r e fe rence  
v e h i c l e .  I n  t h i s  r e p o r t ,  t h e  spacecraf t  i s  t h e  r e fe rence  v e h i c l e  and 
i s  loca ted  a t  t h e  o r i g i n  of t h e  f i g u r e s  so t h a t  t h e  curires r ep resen t  t h e  
re la t ive  motion of t h e  panels  about t h e  s p a c e c r a f t .  Down-range d i s t a n c e  
( X )  l i e s  along t h e  i n t e r s e c t i o n  of t h e  o r b i t a l  and l o c a l  h o r i z o n t a l  
(geode t i c )  planes and i s  pos i t i ve  i n  t h e  d i r e c t i o n  of t h e  v e l o c i t y  v e c t o r '  
[ f i g .  1( a ) ] .  
Lateral (cross-range) displacement (Y), i s  measured i n  t h e  l o c a l  h o r i z o n t a l  
p l ane ,  normal t o  X and p o s i t i v e  t o  t h e  r i g h t  [ f i g .  l(b)]. V e r t i c a l  
displacement (Z) l i e s  i n  t h e  o r b i t a l  plane normal t o  X and i s  p o s i t i v e  
up [ f i g .  l ( a ) l .  

Radial  d i s t a n c e  i s  i nd ica t ed  as e i t h e r  Y o r  Z displacement,  
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4.0 LAUNCH PHASE 

The launch phase a b o r t s  are analyzed by use  of a panel  j e t t i s o n  
AV = 11 k 3 fps f o r  a t t i t u d e s  of 
middle,  and l a t e )  were eva lua ted  f o r  each of t h e  modes 11, 111, and I V  
abor t  reg ions .  Mode I a b o r t s  a r e  tower j e t t i s o n s  wi th  t h e  CM sepa ra t ing  
from t h e  SM; t h e r e f o r e ,  no panel  deployment o r  j e t t i s o n  occurs .  

8 = 110 k 20'. Three cases  ( e a r l y ,  

4 . 1  Mode I1 Aborts 

The mode I1 abor t  reg ion  begins  when t h e  launch escape tower (LET) 
i s  j e t t i s o n e d  and ends when t h e  CM f u l l - l i f t  landing po in t  reaches t h e  
A t l a n t i c  Discre te  Recovery Area (ADRA). Af t e r  i n i t i a t i o n  of a mode I1 
a b o r t ,  t h e  CSM sepa ra t e s  from t h e  S-IVB and, a f t e r  CM/SM sepa ra t ion  
and e n t r y  p repa ra t ion ,  f l i e s  a f u l l - l i f t  e n t r y  i n t o  t h e  A t l a n t i c  Con- 
t inuous  Recovery Area (ACRA) .  No CSM SPS burns a r e  incorpora ted  i n  a 
mode I1 a b o r t .  
s epa ra t ion )  for  t h e  e a r l y ,  middle,  and l a t e  mode I1 abor t  reg ions  are 
presented  i n  tables I ,  I1 , and I11 ( r e f .  5 ) .  The abor t  sequence used 
f o r  t h e  mode I1 a n a l y s i s  ( ref .  6 )  i s  presented  i n  t h e  fol lowing t a b l e .  

The i n i t i a l  condi t ions  a t  SLA panel  j e t t i s o n  (CSM/S-IVB 

MODE I1 ABORT SEQUENCE 

Eventa 

I n i t i a t i o n  of abor t  
Beginning of CSM d i r e c t  u l l a g e  

CSM/S-IVB phys ica l  s epa ra t ion  
J e t t i s o n  of SLA panels  , 

I n i t i a t i o n  of CSM +X t r a n s l a t i o n  
av = 11 k 3 f p s  

Termination of CSM +X t r a n s l a t i o n ,  
AV = 5.0 fps  

Or i en ta t ion  t o  CM en t ry  a t t i t u d e  
CM/SM separa t ion  
F u l l - l i f t  f l i g h t  t o  landing 

Time from abor t  i n i t i a t i o n ,  
min : sec  

00 : 00 

00 : 03 

00 : 24 

84 

%vents grouped toge the r  wi th  only one t i m e  value t a k e  p l ace  at 

bThe th ree  i tems a s soc ia t ed  wi th  t h i s  va lue  are assumed t o  be 

approximately t h e  same t ime.  

complete within 1 minute. 

Y 
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Event" 

. 
1' 

Analysis f o r  mode I1 a b o r t s  i n d i c a t e s  t h a t  t h e  j e t t i s o n e d  SLA 
panels  w i l l  not r e s u l t  i n  any eventual r econ tac t  problems. R e l a t i v e  
motions of t h e  SLA panels  with respect  t o  t h e  s p a c e c r a f t  ( f i g s .  2 and 3) 
r e v e a l  t h a t  t h e  panels  w i l l  remain w e l l  behind t h e  spacec ra f t  and w i l l  
cont inue t o  inc rease  i n  separat ion range during any mode I1 a b o r t .  

4 .2  Mode I11 Aborts 

The mode I11 abor t  procedure c o n s i s t s  of performing an i n e r t i a l l y -  
f i x e d  SPS r e t rog rade  burn a f t e r  CSM/S-IVB s e p a r a t i o n  and a CM h a l f - l i f t  
e n t r y  t o  land i n  t h e  ADRA. To e f f e c t  safe water landings i n  ADRA, l a r g e  
SPS burns a r e  r equ i r ed  during l a t e  mode I11 a b o r t s .  This s i t u a t i o n  i s  
not  d e s i r a b l e  because, when it occurs,  t h e  spacec ra f t  landing p o i n t  moves 
westward ac ross  Af r i ca  during t h e  burn,  and a premature shutdown could 
r e s u l t  i n  a land landing.  Therefore, t h e  mode I11 abor t  i s  not considered 
a prime ope ra t ing  procedure,  and a mode I V  contingency o r b i t  i n s e r t i o n  
( C O I )  w i l l  be used when poss ib l e .  

The i n i t i a l  condi t ions ( r e f .  5 )  a t  SLA pane l  j e t t i s o n  (CSM/S-IVB 
s e p a r a t i o n )  f o r  e a r l y ,  middle, and l a t e  mode I11 a b o r t s  are presented 
i n  t a b l e s  I V ,  V ,  and V I .  The abort sequence used i n  t h e  mode I11 
a n a l y s i s  ( r e f .  6) i s  presented i n  t h e  following t a b l e .  

MODE 111 ABORT SEQUENCE 

Time  from abor t  i n i t i a t i o n ,  
min: s e c  

I n i t i a t i o n  of abor t  
I n i t i a t i o n  of CSM d i r e c t  u l l a g e  

CSM/S-IVB phys ica l  s epa ra t ion  
J e t t i s o n  of SLA pane l s ,  

Termination of u l l a g e ,  beginning 
AV = 11 f 3 f p s  

of +X t r a n s l a t i o n  

Termination of CSM +X t r a n s l a t i o n ,  
AV = 5.0 f p s  

00 : 00 

00 : 03 

00 : 24 

a Events grouped toge the r  with only one t ime value t a k e  p l a c e  a t  
approximately t h e  same t i m e .  
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MODE I11 ABORT SEQUENCE - Concluded 

Event a 

I n i t i a t i o n  of CSM SPS deorb i t  burn 
(SPS deorb i t  burn a t t i t u d e  as 
shown i n  f i g .  4 )  

Termination of deo rb i t  burn f o r  
e a r l y  mode I11 , AV = 146.3 f p s  , 
A t  = 13.0 sec ( r e f .  7 )  

Termination of deo rb i t  burn f o r  
middle mode 111, AV = 996.2 f P s ,  
A t  = 84.8 sec ( r e f .  7 )  

Terminat ion of deo rb i t  burn for 
l a t e  mode 111, AV = 1730.7 f p s ,  
A t  = 142.3 sec ( r e f .  7 )  

Time from abor t  i n i t i a t i o n ,  
min : sec 

02 : 05 

02: 18.0 

0 3 :  29.8 

04 : 27.3 

CM/SM separa t ion  at  deo rb i t  burn 

Or i en ta t ion  t o  CM e n t r y  a t t i t u d e  
F u l l - l i f t  f l i g h t  t o  0.2g, then  

a t t i t u d e  end of d e o r b i t  burn 
+ 01:oo 

banking of CM 55' S f o r  h a l f - l i f t  
t o  landing 

The mode I11 abor t  a n a l y s i s  e s t a b l i s h e s  a p o t e n t i a l  r econ tac t  
s i t u a t i o n  because of t h e  r e t rog rade  SPS maneuver performed t o  d e o r b i t  
t h e  CSM. 
examined f o r  9 = 110 k 20' 
and la te  mode I11 a b o r t s .  

Rela t ive  motion f o r  pane l  2 and t h e  o the r  t h r e e  pane ls  was 
and AV = 11 t 3 f p s  f o r  e a r l y ,  middle,  and 

The d a t a  a r e  presented  i n  f i g u r e s  5 and 6. 

The r e l a t i v e  motion of panel  2 i n d i c a t e s  t h a t  i t s  minimum sepa ra t ion  
displacement [ ze ro  t o  800 f t  f o r  
f i g .  5(a)1 w i l l  occur f o r  a j e t t i s o n  AV of 8 f p s  a t  approximately 
25.0 seconds a f t e r  SPS i g n i t i o n .  This  i s  e a r l y  i n  t h e  mode I11 region  
( g . e . t .  = 600 set). 

8 = -130' and -90°, r e s p e c t i v e l y ,  

i ,  

Y 

V 

Events grouped toge the r  wi th  only one t i m e  va lue  t a k e  p l ace  a t  a 

approximately t h e  same t ime.  
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If t h e  j e t t i s o n  AV i s  increased [ f i g .  6 ( a ) ]  or i f  an abor t  i s  i n i -  
t i a t e d  la te r  i n  t h e  mode I11 region [ f i g s .  5 ( b ) ,  5 ( c ) ,  6 ( a )  through 6 ( c ) ]  , 
g r e a t e r  s epa ra t ion  displacement below t h e  spacec ra f t  w i l l  r e s u l t  f o r  
panel  2.  The r e l a t i v e  motion of panel  1 i n d i c a t e s  t h a t ,  f o r  t h e  simulated 
cond i t ions ,  pane l  1 w i l l  always pass above t h e  CSM, wi th  a minimum c l e a r -  
ance of 1800 f t  . [ f i g .  5 ( a ) ] .  
out of plane with adequate cross-range and v e r t i c a l  displacement f o r  a l l  
cases  [ f i g s .  5 ( d )  through 5 ( f )  and 6 ( d )  through 6 ( f ) l .  

Panels 3 and 4 are yawed and j e t t i s o n e d  

The primary conclusions which can be drawn from t h e  mode I11 abor t  
SLA panel  a n a l y s i s  a r e  t h a t  (1) a re t rog rade  SPS d e o r b i t  burn performed 
a t  2 minutes 5 seconds a f te r  abort  i n i t i a t i o n  w i l l  r e s u l t  i n  a p o t e n t i a l  
r econ tac t  problem of t h e  CSM w i t h  pane l  2, and ( 2 )  
of a r econ tac t  with a SLA pane l  decreases as t h e  ground elapsed t ime of 
t h e  mode I11 abor t  i n i t i a t i o n  increases  or as t h e  pane l  j e t t i s o n  AV 
i n c r e a s e s .  

t h a t  t h e  p o t e n t i a l  

Non-SPS mode I11 a b o r t s  are similar t o  mode I1 a b o r t s  except t h a t  
t h e  CM f l i e s  a h a l f - l i f t  e n t r y  i n  mode I11 i n s t ead  of a f u l l - l i f t  en t ry .  
A h a l f - l i f t  e n t r y  p r o f i l e  t ends  t o  i n c r e a s e  sepa ra t ion  ranges;  t h e r e f o r e ,  
mode I1 a n a l y s i s  and re la t ive motion i s  app l i cab le .  

The mode IV abor t  procedure incorporates  a posigrade SM SPS burn 
t o  e s t a b l i s h  a s a f e  o r b i t  condition t h a t  i s  defined as a CSM pe r igee  
a l t i t u d e  equal  t o  or g r e a t e r  than 75 n.  m i .  The mode IV abor t  r eg ion  
overlaps t h e  modes I1 and I11 abort boundaries and w i l l  be used as t h e  
prime mode of operat ion whenever t h e  c a p a b i l i t y  e x i s t s  t o  achieve a con- 
t ingency o r b i t  i n s e r t i o n  (COI). 
j e t t i s o n  (CSM/S-IVB s e p a r a t i o n )  for e a r l y ,  middle, and l a t e  mode IV 
a b o r t s  are presented i n  t a b l e s  VII, VIII, and IX ( r e f .  5 ) .  
sequence used i n  t h e  mode IV ana lys i s  ( r e f .  6 )  i s  presented i n  t h e  
following t a b l e .  

The i n i t i a l  condi t ions at SLA pane l  

The abor t  



8 

Event" 

MODE I V  ABORT SEQUENCE 

T i m e  from abor t  i n i t i a t i o n ,  
min : sec 

I n i t i a t i o n  of abor t  
I n i t i a t i o n  of CSM d i r e c t  u l l a g e  

CSM/S-IVB physical  s epa ra t ion  
J e t t i s o n  of SLA pane l s ,  

Termination of u l l a g e ,  i n i t i a t i o n  
AV = 11 k 3 f p s  

of +X t r a n s l a t i o n  

Termination of CSM +X t r a n s l a t i o n ,  
AV = 5.0 fps 

I n i t i a t i o n  of CSM C O I  burn f o r  
'75-n. m i ,  perigee a l t i t u d e  
(SPS burn a t t i t u d e  as shown i n  
f i g .  8 )  

Termination of C O I  burn f o r  e a r l y  
mode I V ,  AV = 2215.3 f p s ,  
A t  = 177.7 sec ( r e f .  7 )  

Termination of COI burn f o r  middle 
mode I V ,  AV = 1150.9 f p s  , 
A t  = 97.2 sec,  r e f .  7 )  

Termination of C O I  burn f o r  l a t e  
mode I V ,  AV = 120.8 f p s ,  
A t  = 10.7 sec ( r e f .  7 )  

00 : 00 

00 : 03 

00 : 24 

02: 05 

05:02.7 

03:42.2 

02:15.7 

The mode I V  abor t  a n a l y s i s  i n d i c a t e s  t h a t  adequate sepa ra t ion  ranges 
are achieved by t h e  SLA panels  f o r  any mode I V  abor t  where j e t t i s o n  
occurs a t  8 = 110 k 20' and AV =. 11 2 3 f p s .  

a Events grouped toge the r  with only one t i m e  value t a k e  p l ace  a t  
approximately t h e  same t i m e .  

V 

V 
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c 

4 

The r e l a t i v e  motions of t h e  p i t ched  panels  and t h e  yawed panels  
are presented i n  f i g u r e s  7 and 9. 
w i l l  s e p a r a t e  behind and below the s p a c e c r a f t .  The panels  f o r  a l l  
mode I V  a b o r t s  w i l l  deo rb i t  while t h e  CSM remains i n  o r b i t ;  t h e r e f o r e ,  
no even tua l  r econ tac t  problems are  p r e s e n t .  Separat ion ranges continue 
t o  inc rease  throughout t h e  deorbi t  pe r iod .  

The f i g u r e s  i n d i c a t e  t h a t  t h e  panels  

A note  of i n t e r e s t  i s  t h e  r e l a t i v e  motion f o r  t h e  l a t e  mode I V  
case.  I n  t h i s  ca se ,  t h e  four  panels w i l l  i n i t i a l l y  move behind t h e  
s p a c e c r a f t ,  bu t  because of t h e  r e l a t i v e l y  small C O I  burn (AV = 120.8 f p s ) ,  
t h e  pane l s  w i l l  pass  below (approximately 120 000 f t )  and ahead of t h e  
CSM. This  d i f f e r s  from t h e  other mode I V  ca ses  i n  which t h e  pane l s  
c o n s i s t e n t l y  remain behind t h e  SC. 
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5.0 ORBITAL ABORTS 

The o r b i t a l  abor t  sequence inc ludes  an SPS r e t rog rade  d e o r b i t  maneuver; 
bu t  un l ike  mode I11 a b o r t s ,  it de lays  t h e  maneuver f o r  20 minutes and 
incorpora tes  +X t r a n s l a t i o n  of t h e  CSM dur ing  t h i s  per iod  t o  maximize 
sepa ra t ion  c learances .  
a b o r t ,  because t i m e  from abor t  i n i t i a t i o n  t o  en t ry  i n t e r f a c e  (300 000 f t )  
i s  considerably l e s s  than  i s  needed t o  perform t h e  delayed SPS burn 
sequence. 

Such a procedure i s  not  poss ib l e  dur ing  a mode 111 

For t h e  Apollo 9 mission,  t h e  CSM/LM/S-IVB i s  i n s e r t e d  i n t o  a 
103-n. m i .  near -c i rcu lar  o r b i t .  Therefore ,  t h e  r e l a t i v e  motions of t h e  
j e t t i s o n e d  SLA panels  with r e s p e c t  t o  t h e  spacec ra f t  e s s e n t i a l l y  are 
independent of t h e  t ime t h e  o r b i t a l  abor t  i s  i n i t i a t e d .  For t h i s  a n a l y s i s ,  
t h e  i n i t i a l  condi t ions chosen were n e w  CSM/S-IVB nominal i n s e r t i o n  and 
a r e  presented i n  t a b l e  X ( r e f .  5 ) .  

Approximately 20 seconds a f t e r  i n s e r t i o n ,  t h e  CSM/I,M/S-IVB i s  
maneuvered t o  a posigrade l o c a l  ho r i zon ta l  (LH) a t t i t u d e .  The config-  
u r a t i o n  remains i n  t h i s  a t t i t u d e ,  un le s s  a crew member manually changes 
it, u n t i l  approximately 9 minutes p r i o r  t o  nominal CSM/S-IVB s e p a r a t i o n ,  
a t  which time t h e  S-IVE begins o r i e n t a t i o n  t o  t h e  t r a n s p o s i t i o n  and 
docking a t t i t u d e .  Therefore ,  should an o r b i t a l  abo r t  become necessary ,  
t h e  CSM/LM/S-IVB most porbably woQld be i n  a l o c a l  h o r i z o n t a l  posigrade 
a t t i t u d e .  

For t h e  Apollo 9 mission,  two procedures for performing an o r b i t a l  
abor t  p r i o r  t o  nominal s epa ra t ion  are being considered,  
procedures are considered i n  t h i s  a n a l y s i s  and are r e f e r r e d  t o  as t h e  
posigrade o r b i t a l  abor t  o r  t h e  retrogrEzde o r b i t a l  a b o r t ,  
o r b i t a l  abo r t ,  performed manually by t h e  crew, o r i e n t s  t h e  CSM/LM/S-IVB 
from i t s  poslgrade LH a t t i t u d e  t o  a r e t rog rade ,  neads-up, horizon monitor 
a t t i t u d e  w i t h  t h e  +X-axis a l i n e d  31.7' below t h e  l i n e  of s i g h t  (LOS) t o  
t h e  horizon.  The CSM i s  then  separa ted  from t h e  S-IVB wi th  a AV of  5 f p s  
and i s  deorbi ted by an SPS abor t  burn approximately 20 minutes l a t e r ,  
Analysis f o r  t h i s  method of  o r b i t a l  abor t  i s  based on t h e  fol lowing 
sequence . 

Both of t h e s e  

The r e t rog rade  

V 
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RETROGRADE ORBITAL ABORT SEQUENCE 

Event" 

I n i t i a t i o n  of abort  
Manual o r i e n t a t i o n  by t h e  crew of 

t h e  CSM/LM/S-IVB t o  r e t rog rade ,  
heads-up, horizon monitor a t -  
t i t u d e  ( a t t i t u d e  as shown i n  
f i g .  4 )  

CSM/S-IVB phys ica l  s epa ra t ion ,  
i n i t i a t i o n  of +X t r a n s l a t i o n  

Termination of +X t r a n s l a t i o n ,  

Beginning of CSM coast  
AV = 5.0 f p s  

End of coast  
I n i t i a t i o n  of SPS deorb i t  burn f o r  

30-11. m i .  pe r igee  a l t i t u d e  
( a t t i t u d e  as shown i n  f i g .  4) 

Termination of SPS d e o r b i t ,  
AV 188.5 f p s  

T i m e  from abor t  i n i t i a t i o n ,  
min: s e c  

00 : 00 

0 0 :  23 

20:  00 

2 ~ 6 . 7  

a Events grouped toge the r  with only one t i m e  value t a k e  p l a c e  a t  
approximat,ely t h e  same time. 
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For t h e  posigrade o r b i t a l  abo r t  sequence, t h e  crew does not  change 
t h e  l o c a l  ho r i zon ta l  a t t i t u d e  of t h e  CSM/LM/S-IVB. Analysis f o r  t h i s  
t ype  of o r b i t a l  abo r t  i s  based on t h e  following sequence. 

POSIGRADE ORBITAL ABORT SEQUENCE 

a Event 

I n i t i a t i o n  of abor t  
CSM/S-IVB physical  s epa ra t ion  
I n i t i a t i o n  of +X t r a n s l a t i o n  

Termination of +X t r a n s l a t i o n  
Beginning of CSM coast  

End of coas t  
I n i t i a t i o n  of +X t r a n s l a t i o n ,  r e t r o -  

grade a t t i t u d e  ( a t t i t u d e  as shown 
i n  f i g .  4 )  

Termination of +X t r a n s l a t i o n  
Beginning of coast  

I n i t i a t i o n  of SPS deorb i t  burn f o r  
30-11. m i .  per igee a l t i t u d e  (a t -  
t i t u d e  as shown i n  f i g .  4 )  

Termination of SPS deorb i t  , 
AV = 192.8 f p s  

The je t t i son  of t h e  SLA panels  a t  

T i m e  from abor t  i n i t i a t i o n ,  
min : s e c  

00 : 00 

00 : 21 

00: 51 

01 : 21 

20:oo 

20:17 

any a t t i t u d e  €I = 110 ? 20' and 
at a 

*two o r b i t a l  abort  sequences i s  executed. This conclusion i s  based on 
i n i t i a t i o n  of t h e  SPS abor t  burn a t  20 minutes a f te r  abor t  i n i t i a t i o n  
(CSM/S-IVB s e p a r a t i o n ) .  
through 1 3 )  t h a t  an e a r l i e r  o r  l a t e r  performance of t h e  burn may l e a d  
t o  a p o t e n t i a l  r econ tac t  s i t u a t i o n .  

AV = 11 k 3 f p s  p re sen t s  no r econ tac t  problems when e i t h e r  of t h e  

Note i n  t h e  re la t ive  motion p l o t s  ( f i g s .  10  

a Events grouped toge the r  with only one t i m e  value t a k e  p l a c e  a t  
approximately t h e  same t i m e ,  
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For t h e  r e t r o g r a d e  o r b i t a l  abort ca se ,  r e l a t i v e  motions of t h e  
panels ( f i g s .  1 0  and 11) i n d i c a t e  t h a t  adequate s e p a r a t i o n  c l ea rance  
w i l l  be available as t h e  CSM deo rb i t s .  Panel  1 w i l l  i n i t i a l l y  be je t -  
t i soned  below t h e  spacec ra f t  and w i l l  t hen  pass  ahead of and above t h e  
spacec ra f t  [ f i g s .  lO(a)  and l l ( a ) ] ,  b u t  with s u f f i c i e n t  displacement t o  
preclude any r e c o n t a c t .  Panel 2 w i l l  be j e t t i s o n e d  behind and above t h e  
spacec ra f t  and w i l l  remain above t h e  spacec ra f t  during CSM d e o r b i t .  
Panels 3 and 4 w i l l  o b t a i n  s u f f i c i e n t  out-of-plane componenets t o  pre-  
vent r econ tac t  (minimum 3000 f t  ) , and v e r t i c a l  displacement con t inua l ly  
inc reases  during CSM d e o r b i t .  

Relative motions i n d i c a t e  no r econ tac t  problems ( f i g s .  1 2  and 13) 
f o r  an o r b i t a l  abo r t  i n i t i a t e d  i n  t h e  posigrade l o c a l  h o r i z o n t a l  a t -  
t i t u d e .  Panel  1 w i l l  be j e t t i s o n e d  above and behind t h e  s p a c e c r a f t ,  whi le  
panel  2 w i l l  pa s s  below and ahead of t h e  spacec ra f t  [ f i g s .  1 2 ( a )  and 
13( a ) ] .  Panels 3 and 4 w i l l  pass above t h e  CSM during deorb i t  with a 
minimum range c l ea rance  of 5000 f t .  For e i t h e r  t h e  r e t rog rade  o r  t h e  
posigrade o r b i t a l  abo r t  cases ,  no eventual  r econ tac t  problems e x i s t  
because a l l  panels  remain i n  o r b i t  while  t h e  CSM d e o r b i t s .  
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6.0 NOMINAL SLA PANEL JETTISON 

J e t t i s o n  of t h e  SLA panels  under nominal condi t ions  (table X ,  
f i g .  6 )  w a s  simulated i n  t h i s  a n a l y s i s  f o r  8 = 110 f 20' and 
AV = 11 f 3 f p s ,  and no r econ tac t  problems were p re sen t .  
of t h e  panels  ( f i g s .  14 and 15 )  i n d i c a t e  t h a t  panel  1 w i l l  be  j e t t i s o n e d  
behind t h e  spacecraf t  and w i l l  t hen  pass w e l l  below t h e  s p a c e c r a f t ,  t o  
remain below and ahead of t h e  CSM throughout t h e  remainder of i t s  o r b i t a l  
l i f e t i m e .  
a f t e r  CSM/S-IVB sepa ra t ion ;  t h e r e f o r e ,  no eventua l  r econ tac t  problems 
e x i s t .  
t h e  CSM wi th  adequate sepa ra t ion  c learance  [ f i g s .  14(a) and 1 5 ( a ) ] .  
though an apparent r econ tac t  s i t u a t i o n  i s  ind ica t ed  f o r  pane l  4 [ f i g s .  14(b)  
and 15(b)l, s u f f i c i e n t  v e r t i c a l  displacement i s  generated t o  prec lude  
recontac t  [ f i g s .  1 4 ( c )  and l S ( c ) ] .  

R e l a t i v e  motions 

The panels  are expected t o  deo rb i t  between 3.5 and 5.5  hours 

Panel  2 w i l l  be j e t t i s o n e d  below t h e  CSM and w i l l  pa s s  ahead of 
Al- 

V 
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7.0 CONCLUSION 

The nominal mission,  launch abor t  phase,  and o r b i t a l  abo r t  phase 

8 = 110 rt 20° 
analyses  presented i n  t h i s  report  i n d i c a t e  t h a t  J e t t i s o n  of  t h e  f o u r  
SLA panels  at an a t t i t u d e  of 
a t  a AV = 11 2 3 f p s  a s su res  adequate sepa ra t ion  displacement from 
t h e  spacec ra f t  f o r  a l l  Apollo 9 mission phas3s w i t h  t h e  exception of  t h e  
beginning of  t h e  SPS r e t rog rade  mode I11 region.  If an abort  were t o  be 
i n i t i a t e d  wi th in  t h e  f irst  30 seconds of t he  SPS mode I11 reg ion ,  t h e r e  
e x i s t s  a p o t e n t i a l  r econ tac t  s i t u a t i o n  bPtween the  pitched-down panel  
(pane l  2 )  and t h e  spacec ra f t  [ f i g .  5 ( a ) ] .  

from t h e  S-IVB +X-axis and 

The mode I11 abor t  i s  not a prime ope ra t ing  procedure and w i l l  be 
r equ i r ed  only i f  it i s  not possible  t o  use  t h e  C O I  (mode I V  a b o r t ) .  
Based on t h e  preceding statement and on t h e  f a c t  t h a t  p o t e n t i a l  r econ tac t  
e x i s t s  f o r  only 30 seconds during t h e  SPS mode I11 reg ion ,  t h e  i d e n t i f i e d  
p o t e n t i a l  r econ tac t  problems a r e  not considered s e r i o u s .  However, it is 
reemphasized t h a t  t h e  a n a l y s i s  of t h i s  r e p o r t  is based on CSM/S-IVB 
s e p a r a t i o n  and panel  j e t t i s o n  t h a t  occurs  under s table  (nontumbling) and 
c o n t r o l l e d  condi t ions.  Should t h i s  not be t h e  case ,  t hen  r e l a t i v e  mo- 
t i o n s  of t h e  SLA panels  and of  the CSM would be s i g n i f i c a n t l y  altered,  
and t h e  conclusions presented here would not n e c e s s a r i l y  be v a l i d .  
Analyses f o r  a b o r t s  i n i t i a t e d  under tum’Diing rondi t ioi is  w i l l .  be p b l i s h e d  
i n  t h e  Apollo 9 Separat ion and Recontact Analysis Summary Document 
( r e f .  8 ) .  

The conclusion t h a t  no recontact  problems are present  f o r  o r b i t a l  
a b o r t s  i s  based on t h e  analyzed sequences ( s e c t i o n  5 .0)  where t h e  SPS 
deorb i t  burn i s  executed 20 minutes a f t e r  abor t  i n i t i a t i o n  (CSM/S-IVB 
s e p a r a t i o n )  w i t h  t h e  CSM i n  t h e  r e t r o g r a d e ,  heads-up, horizon monitor 
a t t i t u d e  ( f i g .  4 ) .  Execution of t h e  burn e a r l i e r  o r  l a t e r  or i n  a 
d i f f e r e n t  a t t i t u d e  may lead t o  a p o t e n t i a l  r econ tac t  s i t u a t i o n .  
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TABLE I.- EARLY MODE I1 ABORT CONDITIONS AT PANEL JETTISON 

Time, sec g.e.t. . . . . . . . . . . . . .  195.9 

Inertial velocity, Vi’ fps . . . . . . . .  9 654.2 

Inertial flight-path angle, yiy deg . . . .  14.39 

Inertial azimuth, Y deg . . . . . . . . .  75 * 5 1  i’ 
Geodetic latitude, $d, deg . . . . . . . .  29.1 

Longitude, A, deg . . . . . . . . . . . . .  -78.9 

Altitude, h, ft . . . . . . . . . . . . . .  318 487.0 

S-IVB attitudea 

Pitch,$ deg . . . . . . . . . . . . .  -68.8 
P’ 

Yaw, $y, deg . . . . . . . . . . . . . .  - .7  

Rol l ,  or, deg . . . . . . . . . . . . . .  0.0 

.‘ 

V 

a S-IVB attitudes in tables I through X are referenced 
to an earth-centered, inertial plumbline coordinate system defined 
at guidance reference release (GRR). 
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TABLE 11.- MIDDLE MODE I1 ABORT CONDITIONS AT PANEL JETTISON 

Time, sec g . e . t .  . . . . . . . . . . . .  350.0 

I n e r t i a l  v e l o c i t y ,  Vi . fps  . . . . . . . .  13 803.6 

I n e r t i a l  f l i gh t -pa th  angle,  yi, deg . . .  3.53 

I n e r t i a l  azimuth, Yi, de@; . . . . . . . .  77.34 

Longitude, A ,  deg . . . . . . . . . . . .  -74.3 

Al t i t ude ,  h ,  f t  . . . . . . . . . . . . .  561 268.8 

Geodetic l a t i t u d e ,  $d, deg . . . . . . . .  30.2 

S-IVB a t t i t u d e  

P i t c h ,  (9 . deg . . . . . . . . . . . . .  
P 

Yaw, +y, deg . . . . . . . . . . . . . .  
R o l l ,  (9 deg . . . . . . . . . . . . .  r’ 

-77.3 

0.2 

0.0 



TABLE 111.- LATE MODE I1 ABORT CONDITIONS AT PANEL JETTISON 

Time, sec g. e.t. . . . . . . . . . . . .  600.0 

Inertial velocity, Vi, fps . . . . . . . .  24 375.5 

Inertial flight-path angle, yi, deg . . .  -.09 

Inertial azimuth, 'Pi . deg . . . . . . . .  84.50 

Geodetic latitude, $d, deg . . . . . . . .  32.3 

Longitude, A ,  deg . . . . . . . . . . . .  -60.4 

Altitude, h, ft . . . . . . . . . . . . .  629 444.2 

S-IVB attitude 

Pitch, $ deg . . . . . . . . . . . . .  
P'  

Yaw,  $y, deg . . . . . . . . . . . . . .  
Rol l ,  $,, deg . . . . . . . . . . . . .  

-105 7 

0.3 

0.0 



. 

TABLE 1 V . -  EARLY MODE I11 ABORT CONDITIONS AT PANEL JETTISON 

T i m e ,  sec  g . e . t .  . . . . . . . . . . . .  600.0 

I n e r t i a l  v e l o c i t y ,  V i ,  f p s  24 375.5 . . . . . . . .  
I n e r t i a l  f l i gh t -pa th  angle ,  y i ,  deg . . .  -0.09 

I n e r t i a l  azimuth, Y deg . . . . . . . .  84.50 i’ 
. . . . . . . .  Geodetic l a t i t u d e ,  $d, deg 32.3 

Longitude, A ,  deg -60.4 

A l t i t u d e ,  h ,  f t  . . . . . . . . . . . . .  629 444.2 

S-IVB a t t i t u d e  

. . . . . . . . . . . .  

P i t c h ,  4 deg . . . . . . . . . . . . .  -105.7 

Yaw, $y,  deg 0.3 
P Y  

. . . . . . . . . . . . . .  
R o l l ,  o r ,  deg . . . . . . . . . . . . .  0.0 
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TABLE! V, -  MIDDLE MODE I11 ABORT CONDITIONS AT PANEL JETTISON 

Time, sec g . e . t .  . . . . . . . . . . . .  
I n e r t i a l  v e l o c i t y ,  Vi ,  fps  . . . . . . . .  
I n e r t i a l  f l i g h t - p a t h  ang le ,  y i ,  deg . . .  
I n e r t i a l  azimuth, Y i ,  deg . . . . . . . .  
Geodetic l a t i t u d e ,  Qd,  deg . . . . . . . .  
Longitude, A ,  deg . . . . . . . . . . . .  
Al t i tude ,  h ,  f t  . . . . . . . . . . . . .  
S-IVB a t t i t u d e  

P i t c h ,  Q deg . . . . . . . . . . . . .  
Yaw,  @y,  deg . . . . . . . . . . . . . .  
R o l l ,  Q deg . . . . . . . . . . . . .  

P Y  

r’ 

632.0 

25 109.9 

-.08 

85,76 

32.5 

-58.1 

628 227.5 

-106.6 

-0.5 

0.0 
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TABLE V I . -  LATE MODE I11 ABORT CONDITIONS AT PANEL JETTISON 

Time, sec  g . e . t .  . . . . . . . . . . . .  659.3 

. . . . . . . .  I n e r t i a l  v e l o c i t y ,  Vi ,  fps 25 567.7 

I n e r t i a l  f l i gh t -pa th  angle ,  y i ,  deg . . .  0.01 

I n e r t i a l  azimuth . Y deg . . . . . . . .  06.96 

Geodetic l a t i t u d e ,  $d, deg . . . . . . . .  32.6 

i y  

. . . . . . . . . . . .  Longitude, A ,  deg -55.9 

Al t i t ude ,  h ,  f t  . . . . . . . . . . . . .  627 947.4 

S-IVB a t t i t u d e  

P i t c h ,  C#I deg . . . . . . . . . . . . .  -106.5 
P’ 

Yaw, $y,  deg . . . . . . . . . . . . . .  0.4  

R o l l ,  $ deg . . . . . . . . . . . . .  0.0 r y  
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a 

TABLE VI1. -  EARLY MODE I V  ABORT CONDITIONS AT PANEL JETTISON 

T i m e ,  sec g .e . t .  . . . . . . . . . . . .  572.0 

I n e r t i a l  v e l o c i t y ,  Vi ,  fps  . . . . . . . .  23 744.6 

I n e r t i a l  f l i gh t -pa th  angle ,  y i ,  deg . . .  0.04 

I n e r t i a l  azimuth, Y i ,  deg . . . . . . . .  83.40 

Geodetic l a t i t u d e ,  $d, deg . . . . . . . .  32.1 

Longitude, A ,  deg . . . . . . . . . . . .  -62.3 

Al t i t ude ,  h ,  f t  . . . . . . . . . . . . .  629 738.3 

S-IVB a t t i t u d e  . . . . . . . . . . . . . .  
P i t c h , $  , d e g .  . . . . . . . . . . . .  -104.6 

0.4 Yaw, . de@; . . . . . . . . . . . . . .  
0.0 

P 

Y 
Roll ,  $r, deg . . . . . . . . . . . . .  . 
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. TABLE V I I 1 . -  MIDDLE MODE I V  ABORT CONDITIONS AT PANEL JETTISON 

Time.  sec  g.e . t .  . . . . . . . . . . . . .  
I n e r t i a l  ve loc i ty .  Vi. fps . . . . . . . .  
I n e r t i a l  f l i gh t -pa th  angle. yi. deg . . . .  
I n e r t i a l  azimuth. Y i .  deg . . . . . . . . .  
Geodetic l a t i t u d e .  @d. deg . . . . . . . .  
Longitude. A .  deg . . . . . . . . . . . . .  
Alt i tude .  h .  f t  . . . . . . . . . . . . . .  
S-IVB a t t i t u d e  

P i t ch .  4 . deg . . . . . . . . . . . . .  
P 

Yaw. +y .  deg . . . . . . . . . . . . . .  
Rol l .  + r 9  deg . . . . . . . . . . . . . .  

615.0 

24 726.4 

-0.11 

85.11 

32.4 

-59.3 

628 859.1 

-106.2 

0.1 

-0.5 
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TABLE 1 X . -  LATE MODE IV ABORT CONDITIONS AT PANEL JETTISON 

T i m e ,  sec g . e . t .  . . . . . . . . . . . . .  655 0 

I n e r t i a l  v e l o c i t y ,  vi’ fps  . . . . . . . .  25 567.7 

I n e r t i a l  f l i gh t -pa th  angle ,  y i ,  deg . . . .  0.01 

I n e r t i a l  azimuth, Y deg . . . . . . . . .  86 77 
i’ 

Geodetic l a t i t u d e ,  +d ,  deg . . . . . . . .  32.6 

Longitude, A ,  deg . . . . . . . . . . . . .  -56.3 

Al t i t ude ,  h ,  f t  . . . . . . . . . . . . . .  627 929.4 

S-IVB a t t i t u d e  

P i t c h ,  $ deg . . . . . . . . . . . . .  -106.5 

Y a w , @  deg . . . . . . . . . . . . . .  0.0 
P Y  

Y ,  
Roll, +r, deg . . . . . . . . . . . . . .  0.9 

a 
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TABLE X.- ORBITAL ABORT CONDITIONS AT PANEL JETTISON 

Time, sec g.e.t. 696.0 . . . . . . . . . . . . .  
Inertial velocity, Vi, fps  . . . . . . . .  25 568.2 

Inertial flight-path angle, yi, deg . . . .  0.00 

85.55 

32.7 

-5 3 .1 

628 055.2 

Inertial azimuth, Yi, deg . . . . . . . . .  
Geodetic iatitude, $d, deg . . . . . . . .  
Longitude, A ,  deg . . . . . . . . . . . . .  
Altitude, h, ft . . . . . . . . . . . . . .  
S-IVB attitudea 

Two S-IVB attitudes were simulated; discussion is a 

presented under section 5.0 .  
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TABLE XI.- NOMINAL CONDITIONS AT PANEL JETTISON 

T i m e ,  sec @;.e .t. . . . . . . . . . . . . . . .  g 912.0 

I n e r t i a l  v e l o c i t y ,  V i ,  f p s  . . . . . . . . . .  25 5’39.0 

I n e r t i a l  f l i gh t -pa th  ang le ,  yi  . deg . . . . . .  0.023 

I n e r t i a l  azimuth, Yi, deg . . . . . . . . . . .  
Geodetic l a t i t u d e ,  +d,  deg . . . . . . . . . .  

57.5 

-2.6 

Longitude, A ,  deg . . . . . . . . . . . . . . .  156.6 

Al t i tude ,  h ,  f t  . . . . . . . . . . . . . . . .  641 723.0 

S - I n  a t t i t u d e  with r e spec t  t o  local hor i zon ta l  

P i tch ,  4 deg . . . . . . . . . . . . . . .  
P Y  

Yaw, 4y, deg . . . . . . . . . . . . . . . .  
R o l l ,  +r ,  deg . . . . . . . . . . . . . . . .  

17.6 

15.5 

00.0 
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(c)  Front view (Y-Z plane). 

Figure 1. - ConcI uded . 
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Down-range distance, X, ft 

(d) Yawed panels for early mode I I .  

Figure 3. - Continued. 
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